Member were deposited in a mud-rich sinuous river system. The Jericó Member was deposited in large, sand-rich fl uvial systems, which probably represent deposits of riftaxis trunk streams; conglomerate facies were deposited in adjacent and interfi ngering alluvial fan systems. We suggest that the stratigraphic record of the western Maya block records a transition from volcanic arc to intra-arc basin and subsequently to rift basin during Pliensbachian to Oxfordian time.
INTRODUCTION
The Gulf of Mexico is best interpreted as a subsidiary basin to the Atlantic Ocean (Pindell et al., 2006) . Most models suggest that the Gulf of Mexico Basin formed after the central Atlantic, and invoke origin of the gulf basin by continental rifting, sea-fl oor spreading, and associated counterclockwise rotation of the Maya (or Yucatan) block in the Late Jurassic (Pindell and Dewey, 1982; Ross and Scotese, 1988; Dickinson and Lawton, 2001; Bird et al., 2005) . These models are based on geometric and plate kinematic constraints such as the reconstruction of western equatorial Pangea and the drift history of South America (Pindell and Dewey, 1982; Pindell et al., 1988) , the Jurassic stratigraphy of the gulf and northeastern Mexico (e.g., Winker and Buffl er, 1988; Salvador, 1987; Goldhammer, 1999) , the tectonic fabric of the deep gulf (Scott and Peel, 2001) , and paleomagnetic data (Molina-Garza et al., 1992; Guerrero et al., 1990) .
Other details of the reconstruction of the Maya block in the northern Gulf of Mexico region are less well constrained. For example, the Chiapas massif can be reconstructed in the Río Grande embayment or in the Burgos Basin prior to opening of the Gulf of Mexico. Similarly, the orientation of the continental rift basins that preceded opening of the gulf is uncertain and somewhat controversial (Salvador, 1987; Pindell et al., 2006; Exxon, 1985) . The rotation of the Maya block assumes an Euler pole in the general region between the Florida peninsula and southern Cuba (e.g., Hall and Najmuddin, 1994; Marton and Buffl er , 1994) . Estimates of the amount of rotation range between ~30° and 60°. Rotation was accommodated by the Tamaulipas-Chiapas transform, along the gulf coast region of the states of Tamaulipas and Veracruz.
The role of arc magmatism in northern Mexico, represented by the Nazas Formation, in the geodynamic context of opening of the Gulf of Mexico has seldom been explored in the literature despite the fact that arc volcanic rocks are spatially associated with rift successions (Fastovsky et al., 2005; . The Gulf of Mexico was recently interpreted as a backarc basin as a result of inferred association with Jurassic Nazas magmatism Dickinson, 2009, 2010) .
In order to better constrain the tectonic setting of the Maya block prior to opening of the Gulf of Mexico, we integrate geochronologic, stratigraphic, and detrital zircon provenance data for the Todos Santos Formation and underlying volcanic rocks (La Silla Formation) in central Chiapas. Reconstruction of the Chiapas massif offshore of Tamaulipas in Early Jurassic time indicates that the Nazas and La Silla Formations are part of the same arc system, and that the overlying Todos Santos Formation records rift-basin extension immediately following cessation of arc magmatism. These data, together with reappraisal of the relevant circum-gulf Jurassic geology, leads us to the conclusion that the Middle-Late Jurassic rift basins of the Gulf of Mexico region evolved as successors of intra-arc extensional basins of the central Mexico Nazas arc.
REGIONAL SETTING Basement
Basement of the Maya block includes the Permian-Triassic metamorphic and plutonic complex of the Chiapas massif (Weber et al., 2005) , Silurian plutons (Steiner and Walker, 1996) , inferred Pan-African rocks buried beneath Mesozoic strata (Krogh et al., 1993; Keppie et al., 2010) , and Grenville basement such as the Guichicovi Complex (Weber and Köhler, 1999) . Igneous rocks of the Chiapas massif are dominated by Late Permian ages, but have signifi cant Grenville age zircon inheritance (1.02-1.05 Ga; Weber et al., 2005) . Contemporaneous medium-to high-grade metamorphism affected Paleozoic sedimentary rocks and Early Permian igneous rocks (Weber et al., 2007) . The massif is a Permian-Triassic batholithic complex that represents the record of subduction under western equatorial Pangea; the associated arc can be reconstructed from scattered outcrops of Permian calc-alkaline plutons across northern Mexico from Sonora to Las Delicias in Coahuila (McKee et al., 1988) , from drill-core data eastward in the Tampico area and the Santa Ana high of the Tuxpan-Poza Rica region (Torres-Vargas et al., 1999) , and from outcrops in northern Oaxaca (Solari et al., 2001) . The arc was called the East Mexico arc by Dickinson and Lawton (2001) , but it is not restricted to eastern Mexico.
Todos Santos Formation
Prior to this study, the nonmarine Todos Santos Formation was the oldest Mesozoic unit recognized in the Maya block. It was deposited in extensional basins during the early stages of continental rifting in the Gulf of Mexico region (Fig. 1) . Elsewhere in Mexico, similar lithologies have been assigned to the Huizachal Formation (Mixon et al., 1959) . Some confusion exists in the literature because the name Todos Santos has been applied to continental redbeds and other terrigenous sequences across southern Mexico (Chiapas and Oaxaca), Guatemala, and Honduras; the name thus applies to Jurassic and Cretaceous strata in different tectonic settings and in different basins (e.g., Burkart et al., 1973; Blair, 1987; Rueda-Gaxiola, 1998; Gose and Finch, 1992) . Clemons et al. (1974) assigned a Late JurassicEarly Cretaceous age to Todos Santos strata in Guatemala, at the type locality in the Altos Cuchumatanes. However, in rocks overlying the Chiapas massif, Jurassic K-Ar ages (from 196 ± 3 to 148 ± 6 Ma) have been reported near Cintalapa for intermediate volcanic rocks, which were interpreted as part of the Todos Santos succession (Castro-Mora et al., 1975; Herrera-Soto and Estavillo-González, 1991) . If Todos Santos strata in Chiapas were indeed Late Jurassic-Early Cretaceous in age, as is the case in Guatemala, these rocks could not be related to the early stages of continental rifting in the gulf. The rifting event is of Early-Middle Jurassic age in northeastern Mexico (Fastovsky et al., 2005) . Moreover, the presence of Middle Jurassic calc-alkaline volcanic rocks in the Todos Santos Formation is not entirely consistent with a continental rift setting.
Near Cintalapa, the Todos Santos Formation is overlain by the San Ricardo Formation (Fig. 2) , a transitional to shallow-marine succession of sandstone, shale, and marly limestone that contains a Kimmeridgian-Portlandian (Tithonian) fauna (Alencaster, 1977) . The contact between the upper Todos Santos and lower San Ricardo Formations has been interpreted as transitional, and the units inter fi nger in the subsurface with marine evaporites (Viniegra-Osorio, 1971 ) that likely predate development of oceanic crust in the Gulf of Mexico Basin. In the Isthmus of Tehuantepec, the Todos Santos Formation is overlain by the Upper Jurassic Mogoñe Formation (Herrera-Soto and Estavillo-González, 1991) . Pérez-Gutiérrez et al. (2009) reported pre-Jurassic maximum depositional ages of ca. 228 Ma on the basis of detrital zircon young grain ages from Todos Santos strata near Matías Romero, Oaxaca, in the Tehuantepec region.
The Todos Santos Formation in Chiapas consists of polymictic conglomerate, sandstone, mudstone, volcanic rocks, and volcaniclastic deposits. These rocks were deposited in alluvial fans, fl uvial systems, and lacustrine environments, forming vertically stacked cyclic mega sequences hundreds of meters in thickness; Blair (1987) reported a thickness of 250-1350 m for this unit. The formation unconformably overlies rocks of the Chiapas massif and upper Paleozoic strata in the Chicomuselo uplift (Anderson et al., 1973; Castro-Mora et al., 1975; López-Ramos, 1981) , suggesting deposition on irregular topography formed by extensional tectonics (Meneses-Rocha, 1985; Blair, 1987) . There are excellent exposures of Todos Santos strata in the Sierra homocline province of west-central Chiapas (Fig. 3) . The following section summarizes our observations and mapping, the basis for proposing a new stratigraphic scheme for this region.
METHODS
This work is based in photointerpretation and fi eld mapping at a scale 1:25,000 of an area ~700 km 2 in the Sierra homocline of westcentral Chiapas, centered near the village of Independencia (Fig. 4) . This work is supplemented by reconnaissance description of key stratigraphic columns, petrography (from which we obtained modal compositions), and sampling for U-Pb geochronology, trace element geochemistry, and Ar-Ar dating.
We collected three sandstone samples for detrital zircon provenance analysis. We processed ~3 kg of sample using magnetic separation and standard heavy-liquid methods at UNAM (Universidad Nacional Autónoma de México) Centro de Geociencias mineral separation laboratory. A large fraction of the zircon separates was mounted in epoxic resin and polished. Zircons were analyzed in a Micromass Isoprobe multicollector-inductively coupled plasma-mass spectrometer (ICP-MS) at the University of Arizona. The analytical procedure and errors were described in Gehrels et al. (2008) . We utilized the GSA 2009 geologic time scale (Walker and Geissman, 2009) .
Nine volcanic samples of the La Silla Formation and one of the El Diamante Member of the Todos Santos Formation were analyzed for trace elements using an ICP-MS at the Centro de Geociencias, UNAM, following the methodology described by Mori et al. (2007) . In addition, zircons were obtained from andesite from site VC-4 (X = 510297, Y = 1780092; Universal Transverse Mercator, UTM Zone 15Q), after crushing using standard magnetic separation and heavy liquids. U-Pb analyses were obtained at Stanford University using a SHRIMP-RG instrument (sensitive highresolution ion microprobe-reverse geometry; see Nourse et al., 2005 , for analytical techniques). Additional geochronology was obtained from samples that were analyzed at the 40 Ar/ 39 Ar facility of CICESE (Centro de Investigación Científi ca y de Educación Superior de Ensenada), following the technique described in Cerca-Martínez et al. (2000) . The aphanitic character of the rocks permits only whole-rock analysis, except in one case.
REVISED STRATIGRAPHY OF THE TODOS SANTOS FORMATION
In the Sierra homocline of Chiapas (Fig. 3) , we recognize a lower volcanic and volcaniclastic succession and two younger, predominantly sedimentary, nonmarine assemblages assigned to the Todos Santos Formation. We term the volcanic succession, which nonconformably overlies rocks of the Chiapas massif, the La Silla Formation and correlate it with the informal Pueblo Viejo andesite near Cintalapa (CastroMora et al., 1975) . The Todos Santos Formation in places overlies rocks of the Chiapas massif on a nonconformity and elsewhere unconformably overlies La Silla Formation (Fig. 2) .
The La Silla Formation consists of abundant intermediate volcanic, hypabyssal, and volcaniclastic rocks and subordinate sandstone, conglomerate, and mudstone. Volcanic rocks in the mapped region crop out in the mountains near the village of El Diamante. We designate a type locality 3 km north of the village of El Diamante at Cerro La Silla (Fig. 4) . The volcanic rocks (Fig. 5A ) include porphyritic andesite with plagioclase, hornblende, and pyroxene phenocrysts in a gray, red, or purple aphanitic groundmass. Also common are aphanitic basaltic andesites, which are commonly vesicular to amygdaloidal, with vesicles fi lled by zeolite or quartz. More evolved rocks such as dacites are common, but rhyolitic compositions are uncommon. Tuffs and pyroclastic rocks are also present, suggesting subaerial emplacement. Pyroclastic rocks include possible block and ash fl ows and lahars. The lower depositional contact of the volcanic assemblage, where it overlies foliated granitoids, is irregular and rocks both above and below the contact are strongly altered.
Conglomeratic sandstone and mudstone are interbedded with volcanic rocks, but the vol canic succession at La Silla is overlain by a dominantly sedimentary succession with uncommon volcanic rocks. Sedimentary rocks that unconformably overlie the La Silla Formation include the stratigraphically lowest part of the Todos Santos Formation and are assigned to a lower member, the El Diamante Member. This member is mostly composed of red sandstone and mudstone (Fig. 5B ). Scour and fi ll structures, small-scale trough crossbeds, mud drapes, and rip-up clasts are typical; sandstone bodies are lenticular, and form the bases of several-meter-thick upward-fi ning cycles capped by mudstone, which is commonly pedogenically modifi ed. Sandstone beds are 10-90 cm thick, but the succession is dominated by mudstone, which makes up 60%-80% of the member. The ratio of mudstone to sandstone is ~6:1. The outcrops of this member are characterized by low topography due to the low resistance of the fi ne fraction to erosion.
A second volcanic interval occurs high in the El Diamante Member, and is characterized by isolated fl ows of olivine basalt. The contact between the volcanic La Silla assemblage and the overlying lower member of the Todos Santos Formation is a subtle angular unconformity. Fluvial sandstones fi ll topography developed in the volcanic facies. The lower Todos Santos member is also characterized by its red color and the marked abundance of volcanic detritus.
The upper member of the Todos Santos Formation, the Jericó Member, consists of coarsegrained arkosic and pebbly sandstone beds 0.5-5 m thick, with common large-scale trough cross-beds, horizontal lamination, and boulder lags at bed bases (Fig. 5D) . The contact between the El Diamante Member and the overlying Jericó Member is transitional or an erosional surface.
Intercalated within the arkosic Jericó Member are several thick (tens of meters) intervals of conglomerate and pebbly sandstone (Fig. 5C ). In this region, Blair (1987) facies associations. The lowermost includes the arkosic sandstones described herein. A second association includes a conglomerate and coarse sandstone facies, which contains plane-parallel to massive stratifi cation. Conglomerate clasts are commonly imbricated, and stratifi cation is defi ned by 5 to 50-cm-thick discontinuous layers dominated by coarse-grained sandstone interbedded with layers dominated by pebbles and cobbles. The conglomerate facies is polymictic, but locally subrounded vol canic clasts constitute the dominant component.
Other clasts include granitoids, slate, chert, and quartzite. Sandstone intervals are lithic (<70% quartz, >25% clasts, <5% feldspar), moderately to poorly sorted, poorly indurated, and subangular. Blair (1987) also recognized a facies association consisting of mudrock, silty sandstone, an uncommon lacustrine limestone facies with carbonaceous plant material, and rare tuffaceous horizons.
The upper part of the Jericó Member, which we refer to informally as the Concordia facies after outcrops west of the town of Concordia (Fig. 4) , consists primarily of poorly sorted, hematitic, coarse-grained, conglomeratic sandstone in beds between 0.5 m and 2 m thick (Fig. 5E ). Conglomerate clasts are well rounded and are dominated by metamorphic rocks, deepseated plutonic rocks, and abundant quartz pebbles and cobbles. These red hematitic sandstones contain trough cross-beds, and are relatively well indurated. Siltstone and shale make up a small fraction of the succession. Toward the top of the section, rocks of the Jericó Member are commonly stained grayish-green by material derived from the overlying San Ricardo Formation. The contact with the San Ricardo Formation is transitional, marked by a gradual reduction in grain size and decrease in hematite cement.
The La Silla Formation was deposited upon and among large volcanic edifi ces, probably stratovolcanoes, with a variety of fl uvial and alluvial environments where volcanic material was reworked. The El Diamante Member is interpreted as a low-energy fl uvial system on the basis of its abundant siltstone and claystone, deposited in overbank settings. The presence of mud drapes and mud chips suggests ephemeral streams. In the Jericó Member, in agreement with the interpretations of Blair (1987) , we recognize alluvial fan environments in the conglomerate-sandstone facies association, lacustrine environments in the mudrocklimestone facies association, and a large-scale, high-energy, longitudinal fl uvial environment in the arkosic sandstone facies. For the Concordia facies assemblage, amalgamated and discontinuous gravel and sandstone strata, with minor lenses of fi ne-grained material, suggest deposition in high-energy braided-fl uvial systems that evolved with time into a lower energy coastal alluvial plain. 
ANALYTICAL RESULTS

Detrital Zircon Geochronology
Detrital zircons were obtained from representative samples of the lower, middle, and upper part of the Todos Santos succession. One sample (08CHI-02) was collected near the base of the El Diamante Member, and two from the Jericó Member, one near the base (08CHI-01) and one high in the section (08CHI-05; Fig. 2 ). Jericó Member samples contain a large number of discordant grains (5% or greater), most of which were discarded as the analyses proceeded. The analyses, presented in stratigraphic order (Fig. 6) , provide evidence for unroofi ng of the Chiapas massif, beginning with the Jurassic volcanic carapace, of which the La Silla Formation is part, followed by extensive denudation of the batholith complex. Zircons from the El Diamante Member show very little discordance, suggesting that Jurassic magmatism (described in the following) may have been responsible for discordance in older grains.
The sample from the El Diamante Member was collected from a sandstone channel, ~20 m above the contact with the underlying La Silla Formation. The sample (08CHI-02) contains a nearly unimodal grain age population ranging from 196 to 161 Ma (Fig. 6) , with a population peak near 178 Ma (Toarcian; n = 91 The sample of the upper part of the Jericó Member, representing the Concordia facies, was collected ~200 m below the contact with the overlying San Ricardo Formation. The sample (08CHI-05) contains the most diverse suite of grain ages of the three samples (Fig. 6 ). There are fi ve age populations present: (1) Paleoprotero zoic and Mesoproterozoic grains (ca. 1997-1450 Ma; n = 9); (2) a large population of Grenville grains (ca. 1251-904 Ma; n = 31); (3) Pan-African grains (ca. 719-556 Ma; n = 4); (4) early Paleozoic grains (~536-411 Ma; n = 14); (5) Permian and Triassic grains (ca. 287-201 Ma; n = 31, with a suggestion of a natural break between 236 and 208 Ma); and (6) Early Jurassic grains n = 12) . Analytical data are summarized in Table 1 .
Geochemistry and Geochronology
We identify three different groups of volcanic rocks based on petrographic descriptions. These descriptions and microscope images are included in the Appendix.
Multielement diagrams for the volcanic rocks show enrichment in high ionic radius elements (Rb, Cs, Sr, Ba) with respect to high fi eld strength elements (Fig. 7) . There is enrichment in light rare earths (La, Ce, Eu) relative to heavy rare earths (Gd, Tb, Lu) . In addition, there are positive anomalies of Ba, Pb, and Sr, and relative depletion of Nb and Ta. No geochemical data are available for the dikes.
Sample VC-4 (Fig. 4) is porphyritic, with phenocrysts consisting of ~75% plagioclase, 10% K-feldspar, 10% hornblende, and 5% quartz. It is classifi ed as an andesite. U-Th-Pb analyses were obtained from 12 grains selected by their morphology from cathodoluminescence images. The results are plotted on a TeraWasserburg diagram (Fig. 8) . The great majority of the zircons analyzed are concordant, and the best estimate of the age of emplacement is 191.0 ± 3.0 Ma (Sinemurian-Pliensbachian; average of 11 grains). A single Late Permian zircon is interpreted as inherited, probably derived from partial melting of the Chiapas massif. Analytical data are summarized in Table 2 .
Other evidence of Jurassic magmatism in the region is provided by numerous andesitic to basaltic dikes that intrude the Chiapas massif. We refer informally to this set of intrusions as the Custepec dike complex. The intrusions commonly occur in swarms of several parallel dikes. We present Ar-Ar analysis for these rocks in Figure 9 . The Ar release spectra of the dikes have somewhat complex behavior; however, considering that generally the dikes do not have any minerals to separate, and that they show very low-grade overprints, they provide useful constraints on the regional extent of magmatism. Analytical data are presented in Table 3 , and summarized in Ar results, for sample CB25, are for hornblende separates from a porphyritic andesite, which could be of volcanic or hypabyssal origin. The inverse correlation age is 184.1 ± 3.4 Ma (mean square of weighted deviates, MSWD = 1.3).
INTERPRETATION
Detrital Zircon Provenance Data
The older Proterozoic grains in the Jericó Member have ca. 1620 Ma and 1456 Ma ages, which are largely absent from Mexican Gondwanan basement, and suggest an ultimate detrital source in Laurentian basement. However, it is likely that proximate sources of these grains were sedimentary or metasedimentary rocks of peri-Gondwanan basement that was near the depositional site of the Todos Santos Formation. Weber et al. (2008) found many zircons of such ages in pre-Ordovician metasedimentary basement of the southeastern Chiapas massif (Jocote unit) 50 km southeast of the study area, and also in para-amphibolites from the Custepec unit (Weber et al., 2007) , and interpreted this as representing detrital sources from South America. It seems likely that 1.65 and 1.4 Ga zircons come from reworked metasediments of southeastern Chiapas or Guate mala. The Jocote unit is intruded by Ordovician (ca. 480 Ma) S-type granite (Weber et al., 2008) . The early Paleozoic grains in Jericó sandstones are dominantly Ordovician, similar to ages in the Acatlán Complex of southern Mexico ( Fig. 1 ), but they are more likely derived from local sources such as S-type granites in southeastern Chiapas or from the Altos Cuchumatanes ). The clastic wedge derived from the Middle Ordovician Taconic orogen, a peri-Gondwanan collided arc of the southern Appalachians, contains an assemblage of grain ages near 1.7, 1.4, 0.9-1.1, and 0.5 Ga (Moecher and Samson, 2006) , similar to that of our Concordia facies sample (08CHI-05). The southern Appalachians are along structural strike of the Gondwana-Laurentia suture from the pre-Gulf of Mexico position of the Maya block, so the similar age spectra are likely a result of analogous pre-Mesozoic basement ages in the peri-Gondwanan terrane collage. Permian-Triassic grains were derived directly from the basement of the Chiapas batholith, an inference supported by the arkosic composition of the Jericó Member.
It is possible that Proterozoic, Pan-African, Grenville, and older Proterozoic grains could have been derived from the upper Paleozoic Santa Rosa Formation, which has zircon populations of similar age (Weber et al., 2006) ; however, Santa Rosa strata are characterized by abundant Pan-African zircons and insignificant populations of Grenville grains. Grenville zircons in the Todos Santos Formation could be derived from Oaxacan basement (Keppie et al., 2003) , Orinoquian basement (Restrepo-Pace et al., 1997), or, more likely, Maya block basement through erosion of metasedimentary host rocks of the Permian-Triassic Chiapas batholith (e.g., Weber et al., 2008) .
Jurassic grains in the Todos Santos Formation were likely derived from nearby volcanic rocks. The age range of these grains, ca. 196-161 Ma, thus provides important insight into the age range of Jurassic magmatism in Chiapas and vicinity. The age span of these grains encompasses the age of the subjacent La Silla Formation (described in the following section). Moreover, we do not observe post-170 Ma grain ages upsection through the Todos Santos Formation, indicating that volcanic activity had ceased, or nearly ceased, after initial (or during) deposition of the Todos Santos Formation.
Geochemistry and Geochronology of Jurassic Magmatism
The volcanic assemblage has characteristics of typical arc melts. The rocks from the La Silla Formation (Fig. 7) are compared with contemporaneous Jurassic arc volcanism from the central (Mexican Altiplano) and eastern (Sierra Madre Occidental) outcrop belts of the Nazas Formation after ; their samples are generally more differentiated. This explains why negative Sr anomalies, for example, are more pronounced. The positive anomalies of Ba, Pb, and Sr, and relative depletion of Nb and Ta are considered a geochemical characteristic of magmatic arcs (Hawkesworth et al., 1993) . The volcanic rocks have weak alteration due to weathering and burial, but Nb and Ta anomalies relative to other relatively immobile rare earths such as Th and La suggest that this is a reliable indicator of subductionrelated magmas.
The range of ages for four dikes analyzed is 184-150 Ma (Table 5) ; this is in relatively good agreement with the range of detrital zircon age data and with a single U-Pb SHRIMP-RG age determination. There are younger ages in the dikes, but these ages are for samples yielding high MSWD values in inverse correlation diagrams (Fig. 9) . The ca. 150-160 Ma ages suggest that there was Late Jurassic magmatism, but a more conservative approach is to consider these as minimum ages related to cooling and/or Ar loss by very low grade metamorphism. We have, however, observed mafi c dikes that intruded Todos Santos strata near Motozintla along the Mexico-Guatemala border outside of our fi eld area. Despite the low precision of the results, it is apparent that the dikes correspond closely to the volcanic episode correlative with the La Silla Formation as defi ned by detrital zircon data. The Ar data also demonstrate that Jurassic magmatism was widespread in the Chiapas massif and its eastern margin, from Uzpanapa to Custepec (Fig. 1) . Ar ages are interpreted as minimum ages and some of the dikes may be related to rift magmatism. The geochronology and geochemistry indicate that pre-Oxfordian continental arc magmatism occurred on the western region of the Maya block.
The geochronology also suggests that the rift deposits represented by axial-fl uvial deposits of the Jericó facies and associated alluvial fan deposits are Oxfordian or younger. The close relationship of the rift deposits with the Jericó-Concordia fault system ( Fig. 3 ; Blair, 1987; Movarec, 1983) suggests that rifting initiated in an area originally occupied by arc volcanism. The detrital zircon provenance data are consistent with rapid erosional removal of the Jurassic volcanic carapace and denudation of the Chiapas massif, with dominant sources in the Permian complex for the lower Jericó and deep-seated Grenville, Ordovician, and other metasedimentary sources for the upper Jericó Member.
An Early-Middle Jurassic (pre-Oxfordian, ca. 200-160 Ma) continental volcanic arc is represented by the Nazas Formation of the Mexican Altiplano and northeastern Mexico ( Fig. 10 ; Pantoja-Alor, 1963; Blickwede, 1981; Jones et al., 1995; Barboza-Gudiño et al., 1998 . The Nazas Formation is a volcanic Normalized -primitive mantle (Sun and McDonough, 1989) Compared with Nazas (n=10 samples) and sedimentary succession hundreds of meters thick, in which volcanic rocks become subordinate to sedimentary rocks upsection; this is most evident in southern Coahuila and northern Zacatecas (Blickwede, 1981) . Coeval vol canic rocks of Early-Late Jurassic age in Sonora (Corona, 1979; Nourse, 1995; Iriondo, 2001; Mauel et al., 2004; Anderson et al., 2005; Izaguirre-Pompa, 2009 ) are part of a continental Cordilleran arc that extended into California and Arizona. Late Jurassic plutons and pyroclastic rocks in southern Arizona and northern Sonora have been interpreted as primarily rift related (Haxel et al., 2008; Mauel et al., in press ). Jones et al. (1995) proposed that the Nazas assemblage of the Mexican Altiplano represents a fragment of the Sonoran part of the arc that was displaced hundreds of kilometers southeast along a hypothetical left-lateral strike-slip fault, but convincing evidence was presented against this model by Molina-Garza and Geissman (1999) and . Jurassic volcanic arc rocks of the Nazas Formation overlie strata of the Late Triassic Potosí fan (Silva-Romo et al., 2000; , which contains zircons derived from the East Mexico arc, PanAfrican rocks, and Grenvillian basement; rocks of the Potosí fan do not contain southwestern North America-derived zircons (1.6-1.8 Ga; . It is thus unlikely that rocks of the Nazas Formation were formed near present-day Sonora.
Early-Middle Jurassic magmatism has been reported for localities in southern Mexico such as the Las Lluvias ignimbrite in Guerrero (Campa-Uranga et al., 2004) and the San Felipe granite in Oaxaca (Alaniz-Alvarez et al., 1996) . The relationship of these rocks to the Nazas arc is uncertain, but it is generally assumed that they were produced adjacent to the same subduction system; some have suggested that the Nazas arc was continuous with the Jurassic arc of northwestern South America (e.g., Dickinson and Lawton, 2001 ). Nazas continental arc volcanism is clearly pre-Oxfordian and spans the Early and Middle Jurassic. Nazas strata underlie the La Joya Formation or the Oxfordian Zuloaga Formation (Barboza-Gudiño et al., 2004) . There are ages as old as 198 ± 7 Ma (K-Ar in Santa María el Oro, Durango; Damon et al., 1981) , 189 Ma at Huizachal Canyon in Tamaulipas (Fastovsky et al., 2005) , 172.5 ± 5.1 Ma at Real de Catorce in San Luis Potosí (Barboza-Gudiño et al., 2004) , 193 Ma at Aramberri in Nuevo León , and 179 Ma at Las Lluvias in Guerrero (Campa-Uranga et al., 2004) . Detrital zircon ages from the Huizachal Group in Valle Huizachal (Huizachal Canyon), Tamaulipas, contain a Jurassic grain population ranging from ca. 199 to 160 Ma, nearly identical to the age range of the Early-Middle Jurassic population of our El Diamante sample and similarly indicate the temporal span of pre-rift volcanism (Rubio-Cisneros and Lawton, in press).
The outcrop belt of the Nazas Formation trends at an azimuth of ~300° from Durango Mori et al. (2009) . in the west to Huizachal Canyon in the east (Fig. 10 ). It appears to be continuous beneath vol canic cover of the Sierra Madre Occidental with the Cordilleran arc to the northwest. South of the Nazas arc we recognize a belt of Early to Middle Jurassic marine strata (Fig. 10) , from the Pelayo Formation in Chihuahua (Franco-Rubio et al., 2007) to the Huayacocotla Formation in Hidalgo (Ochoa-Camarillo et al., 1998) . This belt is discontinuous in comparison to the Nazas outcrop belt (Fig. 10) , but it appears to project into Lower-Middle(?) Jurassic marine strata of the Sierra Santa Rosa Formation of northwest Sonora (González-León et al., 2000) .
If the Maya block is rotated ~35° about the Euler pole of Hall and Najmuddin (1994) to restore it to its preopening position (between ca. 195 and 160 Ma), outcrops of volcanic rocks of the La Silla Formation on the eastern fl ank of the Chiapas massif constitute an eastward continuation of the Nazas arc (Fig. 10) . This restoration, together with the observations of volcanic arc chemistry and similar age range, suggests to us that the La Silla and Nazas Formations originated as parts of the same arc system.
We schematically trace a trench along western Mexico ~350 km from the trend of the Cordilleran-Nazas-La Silla belt and subparallel to it (Fig. 10) . We reconstructed the margin of South America according to Pindell et al. (2006) ca. 170 Ma, following the southeastward relative motion of South and North America. Two conclusions follow from this reconstruction. First, the trench associated with the Nazas arc must have turned abruptly south to avoid the South America margin and produce Jurassic magmatism in the northern Andes (Mojica et al., 1996) . Second, in the reconstruction South America overlaps with Precambrian and Paleozoic crust of the southern Mexico terranes of Oaxaca and Acatlán, implying that either Oaxaca-Acatlán or the Colombian Andes were located elsewhere (e.g., Bayona et al., 2006) . The reconstruction of the northern margin of South America suggests that the trench must turn sharply southward, as illustrated in Figure 10 . Such an abrupt turn can be observed in current plate confi gurations, such as the Aleutian-Kamchatka trench juncture.
When the Oaxaca and Acatlán terranes of southern Mexico arrived to their present position is debated. Secondary magnetizations in Paleozoic strata have been interpreted as a late Paleozoic overprint yielding a paleopole that agrees with the Late Permian reference pole of North America (McCabe et al., 1988) . This suggests that by Permian time, the Oaxaca terrane had arrived at its present position. However, paleomagnetic data for Jurassic strata in the Acatlán terrane have been interpreted to indicate allochthoneity in Middle Jurassic time (Bohnel, 1999) . The strongest argument for locating Acatlán and Oaxaca at a different location than present with respect to the craton is still the overlap with the reconstructed margin of South America based on magnetic anomalies and fracture zones of the Atlantic (Pindell et al., 2006) . Nonetheless, based on paleomagnetic data, Bayona et al. (2006) suggested a more southern paleolatitude for the Colombian Andes. In the reconstruction of Figure 10 this issue remains unresolved.
In summary, the La Silla Formation represents arc-related volcanic rocks of SinemurianPliensbachian age. Although the presence of Middle Jurassic magmatism was recognized previously (Castro-Mora et al., 1975) , we document its relationship to subduction and the fact that this magmatism is widespread in Chiapas. The El Diamante Member of the Todos Santos Formation represents continental strata and subordinate volcanic fl ows deposited in an intra-arc extensional basin transitional to a rift setting. It is possible that the youngest dike ages could represent extension-related magmatism, but available data are insuffi cient to support this interpretation. The suprajacent Jericó Member records continental rifting after cessation of magmatism. The uppermost Todos Santos and San Ricardo Formations are interpreted to record the drift phase of the Maya block and subsequent thermal subsidence. Note: MSWD-mean square of weighted deviates; F-fraction;Temp-the temperature reached in the Ta furnace at which the argon was released; Pot-laser power (in watts) applied to release argon; t -age of individual fraction, it does not include the uncertainty in J; t i -integrated age; t p -plateau age calculated with the weighted mean of the fractions selected; t c -isochron age; §-fractions used to calculate the plateau age; ‡-fractions ignored in the isochron age calculation; †-isochron age calculated combining the fractions of the experiments performed for sample; all errors are given to 1σ level. Preferred age is highlighted in bold typeface.
CONCLUSIONS
rocks, indicate an age range of 184-150 Ma.
Trace element analysis demonstrates that the La Silla volcanic rocks have characteristics of typical subduction-related melts and thus provide a record of Early-Middle Jurassic arc magmatism. The Jurassic succession in Chiapas records: (1) the development and demise of an Early-Middle Jurassic continental arc; (2) an early-Late Jurassic transition through an intra-arc basin in which the El Diamante Member was deposited; and (3) subsequent development of a Late Jurassic continental rift, evidenced by deposition of Jericó Member fl uvial and alluvial fan deposits, which directly overlie both the Chiapas massif and the older Jurassic arc volcanic rocks. Riftbasin development yielded to deposition of more widespread Kimmeridgian strata attributed to post-rift thermal subsidence in Chiapas, coeval with opening of the Gulf of Mexico Basin. 
APPENDIX. PETROGRAPHIC DESCRIPTION OF VOLCANIC ROCKS
According to their texture, volcanic rocks of La Silla Formation were arranged in three groups that correspond to different modal compositions. Group 1 is characterized by porphyric textures. Phenocrysts present desequilibrium textures, as they occur as corroded, reabsorbed, and scheletal grains. According to phenocryst composition, we recognized a subgroup that included sites 2, 14, 18 and 20, which in addition to plagioclase and K-feldspar phenocrysts, presents hornblende and minor pyroxene ( Fig. A1) . Plagioclase is more abundant than K-feldsapr with typical modal compositions of 60-70% plagioclase, 25-30% K-feldspar, 15% hornblende, and <5% pyroxene. Amphiboles are represented by squeletal hornblende nearly completely replaced by opaque minerals. Feldspars are typically dusty due to secondary sericite. These rocks are classifi ed as hornblende dacites. Also with porphyritic texture, site VC1 is characterized by relatively more abundant K-feldspar than plagioclase, and is classifi ed as a hornblende rhyodacite. The second group includes sites with pervasive fl ow bands, with dark bands concentrating opaque minerals and microphenocrysts. It includes sites 3, 4, and 29. These rocks typically present devitrifi ed matrix partially replaced by reddish oxides, containing phenocrysts of plagioclase, K-feldspar, and minor quartz.
Skeletal pyroxene is also present as phenocrysts. Modal abundances of phenocrysts are 70-80% plagioclase, 10-15% K-feldspar, 10% hornblende, 5% pyroxene, and 5% quartz in VC3. They are classifi ed as hornblende-pyroxene andesites (Fig. A2 ). Finally, a third group of samples presents amygdaloidal textures. It includes sites VC10 (85% plagioclase and 15% olivine; an olivine basalt), and site VC11 (95% plagioclase, 5% hornblende; a hornblende basalt). Olivine is completely altered to iddingsite. Amygdules are of nearly spherical morphology, and the great majority is lined by zeolite. The matrix contains abundant acicular plagioclase, giving the rock a tenuous pilotaxitic texture. The matrix shows intense oxidation, with pigmentary hematite replacing original ferromagnesian phases. Site 10 is the stratigraphically highest volcanic rock, and is included in the Todos Santos Formation. 
